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Introduction {#sec005}
============

Obesity or overweight has become a global epidemic and affects both children and adults \[[@pone.0125935.ref001]--[@pone.0125935.ref003]\]. Obesity is a major risk factor for insulin resistance in children with metabolic syndrome \[[@pone.0125935.ref004]\]. Accumulating evidence shows that the increase in childhood obesity and the earlier onset of insulin resistance, hypertension, and dyslipidemia facilitate the development of risk factors for cardiovascular disease \[[@pone.0125935.ref004],[@pone.0125935.ref005]\]. These metabolic abnormalities in children may indicate that diabetes and cardiovascular disease complications appear earlier than previously thought.

Obese individuals often present with metabolic disorders, such as high blood pressure, elevated fasting glucose levels and lipid abnormalities, which promote vascular injury and endothelial dysfunction \[[@pone.0125935.ref006]\]. Highlighting the role of inflammation in obesity, adipose tissue from obese individuals is characterized by inflammation and can secrete humoral factors that regulate systemic acute-phase reactants, such as C-reactive protein (CRP) \[[@pone.0125935.ref007],[@pone.0125935.ref008]\], as well as inflammatory factors, such as monocyte chemo-attractant protein-1 (MCP-1) \[[@pone.0125935.ref009]\], tumor necrosis factor-α (TNF-α) \[[@pone.0125935.ref010]\], and interleukin-6 (IL-6) \[[@pone.0125935.ref011],[@pone.0125935.ref012]\]. Moreover, macrophages are involved in obesity-induced insulin resistance and facilitate obesity-induced inflammation \[[@pone.0125935.ref013]\]. The inflammation process is required for the initiation and development of atherosclerosis \[[@pone.0125935.ref014]\]. The levels of inflammatory markers, such as high sensitivity CRP (hs-CRP) \[[@pone.0125935.ref004]\], TNF-α and IL-6, are high during inflammation and are related to the pathogenesis of cardiovascular disease. These markers have also been shown to correlate with the subsequent development of cardiovascular disease in obese individuals \[[@pone.0125935.ref015],[@pone.0125935.ref016]\]. Furthermore, inflammatory cytokine levels, including high TNF-α, high leptin levels, and low adiponectin levels, are associated with insulin resistance in obese children \[[@pone.0125935.ref017]--[@pone.0125935.ref020]\] and also affect physical activity during the growth and maturation process \[[@pone.0125935.ref021]\]. Additional research has noted that lifestyle changes can reduce obesity and blood inflammatory marker levels in both children and adolescents \[[@pone.0125935.ref022]--[@pone.0125935.ref024]\]. Some studies have also directly measured insulin levels and used factor analyses to assess the risk of dangerous values of other metabolic and inflammatory variables in patients with non-type 2 diabetes mellitus as well as to explore the correlation between these risk factors and the development of type 2 diabetes mellitus \[[@pone.0125935.ref025],[@pone.0125935.ref026]\].

The pathogenesis of obesity-related atherosclerosis, which is marked by hypoadiponectinemia and high serum levels of leptin and TNF-α in overweight and obese individuals, serves an important function in the initiation of inflammation \[[@pone.0125935.ref027]--[@pone.0125935.ref029]\]. However, the exact connection between these inflammatory markers and the development of childhood obesity remains unclear. This study aims to evaluate the changes in inflammatory markers, circulating lipid profiles, and insulin sensitivity among overweight and obese children. Furthermore, we seek to clarify the relationships among inflammation, lipid profiles, and insulin sensitivity as well as observe their contribution to metabolic risk using a factor analysis.

Materials and Methods {#sec006}
=====================

Selection of Patients {#sec007}
---------------------

Forty-five male children aged six to eighteen years were recruited from one outpatient department of the Taipei Medical Center in Taiwan. In our study, only male children were studied because we wanted to avoid the effects that sex hormones have on obesity. Overweight and obese participants were referred to the pediatric clinic of the author by their general practitioner between 2010 and 2011. Patients were classified as obese if their body mass index (BMI) reached or exceeded the 95th percentile of their age and sex cohorts; children were classified as overweight if their BMI was in the 85th to 95th percentile of their same age and sex cohorts \[[@pone.0125935.ref004],[@pone.0125935.ref030]\].

Ethics Statement {#sec008}
----------------

The program moderators provided a detailed explanation of the nature and purpose of the study to participants. Before the participants were enrolled in the experiment, the moderators answered their questions in separate interview rooms. The children agreed to participate in the experiment, and either their parents or their legal representatives provided signed informed consent, unless the subject was 18 years old and thus able to decide for themselves. Each participant has the right to have their data removed from the research at any time according to the principles stated by the ethics committees. The Committees on the Use and Care of Animals and the Human Institutional Review Board (IRB; No. 9809--009) of the Shin-Kong Wu Ho-Su Hospital, Taipei approved this study and its procedures.

Study Procedures {#sec009}
----------------

A medical history was taken, and a physical examination was performed at the clinic of the author. Sitting blood pressure was measured three times using an automated sphygmomanometer (with at least 20 min between blood pressure measurements). A digital scale and a Harpenden stadiometer were used to measure body mass and height, respectively, and these values were used to calculate BMI (kilograms per square meter). Overnight-fasting peripheral blood samples (10 mL) were obtained from overweight subjects, obese subjects, and lean controls, and the hormone, cytokine, substrate, and glucose concentrations were measured, along with a lipid panel.

Biochemical Analysis {#sec010}
--------------------

Plasma total cholesterol, HDL cholesterol, triglyceride, glucose, and insulin levels were measured using commercial kits. LDL cholesterol was calculated using the Friedewald formula \[[@pone.0125935.ref031]\]. Circulating levels of inflammatory factors such as TNF-α, IL-6, MCP-1, and hs-CRP were determined using specific quantitative colorimetric sandwich ELISA kits according to the manufacturer's instructions. The homeostatic model assessment index (HOMA index = fasting glucose \[mmol/L\] × fasting insulin \[μU/mL\] / 22.5) was used as a measure of insulin sensitivity.

Data Analysis {#sec011}
-------------

All values were expressed as the mean and the standard error of the mean (SEM). Differences between groups were evaluated using Student's t test or one-way analysis of variance where appropriate. The correlations between parameters were calculated using Pearson product moment correlation. All statistical analyses were performed using SPSS 20.0 (IBM Corporation, New York, USA). A P-value of less than 0.05 was considered significant.

In addition, we applied a factor analysis using the principal component method with a Varimax rotation to examine whether fasting insulin level was clustered with the anthropometric, metabolic, and inflammatory variables. BMI percentile, fasting glucose, LDL-c/HDL-c ratio, HDL-c/TC ratio, LDL-c/TC ratio, TC/HDL-c ratio, hs-CRP, TNF-α, and PAI-1 were included as variables in the factor analysis. A factor loading with an absolute value of ± 0.5 or greater was used as a cut-off value for data interpretation. The total variance explained by each factor was presented to indicate the individual effect of the factor in the analysis.

Results {#sec012}
=======

The Clinical Characteristics of Enrolled Participants {#sec013}
-----------------------------------------------------

Forty-five male children were enrolled in this study: 10 were overweight, 19 were obese, and 16 were lean. By definition, the obese and overweight children showed significantly greater body weight (overweight and obese vs. lean, 44.40 ± 1.78 / 49.77 ± 2.71 vs. 36.00 ± 2.39 kilograms; *p*\<0.05) and BMI (overweight/obese vs. lean, 90.89 ± 0.75 / 98.06 ± 0.22 vs. 59.79 ± 5.31 percentile; *p*\<0.05). No significant differences were found between the obese and lean groups with respect to age, height, systolic blood pressure, diastolic pressure, or mean blood pressure. In addition, diastolic blood pressure was higher in the overweight children than the obese children, but this difference was not significant. The blood pressure difference (ΔBP) between systolic blood pressure (SBP) and diastolic blood pressure (DBP) was significantly lower among the overweight children than the obese children (46.25 ± 4.95 vs. 59.29 ± 2.85; *p*\<0.05). The clinical characteristics of the participants are summarized in [Table 1](#pone.0125935.t001){ref-type="table"}.

10.1371/journal.pone.0125935.t001

###### The clinical characteristics of forty-five male children at one Taiwanese center.

![](pone.0125935.t001){#pone.0125935.t001g}

                         Lean            Overweight                                          Obese
  ---------------------- --------------- --------------------------------------------------- -------------------------------------------------------------------------------------------
  n                      16              10                                                  19
  Age (yr)               10.06 ± 0.60    10.70 ± 0.37                                        9.32 ± 0.45
  Height (cm)            141.44 ± 3.30   144.20 ± 2.21                                       141.29 ± 2.43
  Weight (kg)            36.00 ± 2.39    44.40 ± 1.78[\*](#t001fn002){ref-type="table-fn"}   49.77 ± 2.71[\*](#t001fn002){ref-type="table-fn"}
  BMI (kg/m^2^)          17.63 ± 0.47    21.28 ± 0.37[\*](#t001fn002){ref-type="table-fn"}   24.52 ± 0.53[\*](#t001fn002){ref-type="table-fn"} [^\#^](#t001fn003){ref-type="table-fn"}
  BMI (percentile)       59.79 ± 5.31    90.89 ± 0.75[\*](#t001fn002){ref-type="table-fn"}   98.06 ± 0.22[\*](#t001fn002){ref-type="table-fn"} [^\#^](#t001fn003){ref-type="table-fn"}
  Systolic BP (mm Hg)    115.27 ± 3.39   118.88 ± 3.78                                       122.57 ± 3.74
  Diastolic BP (mm Hg)   57.80 ± 3.05    72.63 ± 6.38                                        63.29 ± 3.08
  ΔBP (mm Hg)            57.47 ± 3.22    46.25 ± 4.95                                        59.29 ± 2.85[^\#^](#t001fn003){ref-type="table-fn"}
  Mean BP (mm Hg)        76.96 ± 2.78    88.04 ± 5.14                                        83.05 ± 3.03

Values are given as the mean ± SEM. Abbreviations: BMI, body mass index; BP, blood pressure; ΔBP, Systolic BP-Diastolic BP.

\* P＜0.05, differences vs. lean.

\# P＜0.05, differences vs. overweight.

Measures of Metabolic and Inflammatory Parameters {#sec014}
-------------------------------------------------

The metabolic and inflammatory parameters of the lean, overweight, and obese participants are listed in [Table 2](#pone.0125935.t002){ref-type="table"}. Although no significant difference was observed in the plasma glucose value between the obese and lean children, the fasting glucose, insulin, and HOMA levels were significantly higher among the obese subjects than the lean subjects. These data indicate a significant degree of insulin resistance in the obese children compared with that in the lean control. Compared with the lean children, the obese group showed increased plasma LDL-cholesterol and TG levels and a decreased plasma HDL-cholesterol level. However, no increase in the LDL-cholesterol and TG values was observed in the overweight children, despite the significantly high HDL-cholesterol level in the obese children ([Table 2](#pone.0125935.t002){ref-type="table"}). This finding showed that the obese subjects had higher levels of the various components measured in the lipid profile than those in the lean controls.

10.1371/journal.pone.0125935.t002

###### Metabolic and inflammatory parameters.

![](pone.0125935.t002){#pone.0125935.t002g}

                              Lean (n = 16)    Overweight (n = 10)                                 Obese (n = 19)
  --------------------------- ---------------- --------------------------------------------------- ---------------------------------------------------------------------------------------------
  Glucose (mg/dL)             84.75 ± 3.00     86.30 ±2.09                                         87.21 ± 2.81
  Insulin (mU/L)              7.64 ± 1.17      12.53 ± 1.70[\*](#t002fn002){ref-type="table-fn"}   12.74 ± 1.84[\*](#t002fn002){ref-type="table-fn"}
  Glucose / Insulin ratio     15.51 ± 2.74     8.12 ± 1.25[\*](#t002fn002){ref-type="table-fn"}    8.87 ± 0.96[\*](#t002fn002){ref-type="table-fn"}
  HOMA-IR                     1.61 ± 0.25      2.67 ± 0.41[\*](#t002fn002){ref-type="table-fn"}    2.82 ± 0.47[\*](#t002fn002){ref-type="table-fn"}
  Total cholesterol (mg/dL)   170.06 ± 10.72   188.20 ± 10.77                                      174.63 ± 4.30
  LDL-c (mg/dL)               98.06 ± 8.32     109.20 ± 8.63                                       109.00± 3.93[\*](#t002fn002){ref-type="table-fn"}
  HDL-c (mg/dL)               61.38 ± 4.33     68.30 ± 4.44                                        51.74 ± 2.38[^\#^](#t002fn003){ref-type="table-fn"}
  LDL-c / TC ratio            0.57 ± 0.02      0.58 ± 0.02                                         0.62 ± 0.01[\*](#t002fn002){ref-type="table-fn"} [^\#^](#t002fn003){ref-type="table-fn"}
  HDL-c / TC ratio            0.37 ± 0.02      0.37 ± 0.03                                         0.30 ± 0.02[\*](#t002fn002){ref-type="table-fn"} [^\#^](#t002fn003){ref-type="table-fn"}
  LDL-c / HDL-c ratio         1.65 ± 0.13      1.66 ± 0.17                                         2.19 ± 0.13[\*](#t002fn002){ref-type="table-fn"} [^\#^](#t002fn003){ref-type="table-fn"}
  TG (mg/dL)                  62.38 ± 6.45     71.60 ± 11.74                                       105.84 ± 12.63[\*](#t002fn002){ref-type="table-fn"} [^\#^](#t002fn003){ref-type="table-fn"}
  Log (TG/HDL-c)              -0.01 ± 0.05     -0.01 ± 0.06                                        0.27 ± 0.07[\*](#t002fn002){ref-type="table-fn"} [^\#^](#t002fn003){ref-type="table-fn"}
  hs-CRP (mg/dL)              0.18 ± 0.02      0.39 ± 0.08[\*](#t002fn002){ref-type="table-fn"}    0.36 ± 0.05[\*](#t002fn002){ref-type="table-fn"}
  MCP-1 (pg/mL)               121.40 ± 6.56    117.38 ± 6.21                                       151.53 ± 11.28[^\#^](#t002fn003){ref-type="table-fn"}
  TNF-α (pg/mL)               1.21 ± 0.11      1.82 ± 0.25[\*](#t002fn002){ref-type="table-fn"}    1.76 ± 0.15[\*](#t002fn002){ref-type="table-fn"}
  IL-6 (pg/mL)                1.25 ± 0.42      0.94 ± 0.10                                         2.28 ± 1.08
  Leptin (ng/mL)              5.96 ± 0.84      17.89 ± 3.61[\*](#t002fn002){ref-type="table-fn"}   14.84 ± 1.29[\*](#t002fn002){ref-type="table-fn"}
  Adiponectin (μg/ml)         6.44 ± 0.93      4.60 ± 0.80                                         4.91 ± 0.85
  PAI-1 (ng/ml)               2.87 ± 0.45      4.60 ± 0.50                                         5.83 ± 0.64[\*](#t002fn002){ref-type="table-fn"}
  FBG (μg /ml)                4.56 ± 0.17      4.96 ± 0.18[\*](#t002fn002){ref-type="table-fn"}    5.00 ± 0.10[\*](#t002fn002){ref-type="table-fn"}

Values are given as the mean ± SEM. Abbreviations: FBG, fasting blood glucose; HDL-c: high density lipoprotein-cholesterol; HOMA-IR, homeostasis model assessment for insulin resistance index; hs-CRP, high sensitivity C-reactive protein; IL-6, interleukin-6; LDL-c, low density lipoprotein-cholesterol; MCP-1, monocyte chemoattractant protein-1; PAI-1, plasminogen activator inhibitor-1; TC, total cholesterol; TG, triglycerides; TNF-α, tumor necrosis factor-α.

\* P＜0.05, differences vs. normal weight group;

\# P＜0.05, differences vs. overweight group.

The obese children also had significantly higher hs-CRP, TNF-α, and MCP-1 levels than those in the lean controls ([Table 2](#pone.0125935.t002){ref-type="table"}); this finding indicated a pro-inflammatory state in the obese children. The IL-6 level was higher in the obese children, but the difference was not significant. Except for MCP-1, these inflammatory markers were not lower among the overweight group than the obese group. The plasma levels of PAI-1 and leptin were significantly higher in the obese subjects than in the controls. The adiponectin level was lower in the obese group, but the difference was not significant. Moreover, the leptin level was higher, but the adiponectin level was lower in the overweight subjects than in the obese subjects; however, these differences were not significant.

Correlations among Clinical Data, Metabolic, and Inflammatory Markers {#sec015}
---------------------------------------------------------------------

A correlation analysis was performed for all lipid profiles, metabolic and inflammatory markers ([Table 3](#pone.0125935.t003){ref-type="table"}). First, BMI percentile was positively correlated with insulin resistance (fasting insulin and HOMA-IR), lipid profiles (LDL-c, TG and TC), and inflammatory markers (hs-CRP, MCP-1, TNF-α, PAI-1, and leptin) but negatively correlated with adiponectin level. Second, fasting insulin level was positively correlated with BMI percentile, LDL-c and TG levels as well as the levels of the inflammatory markers leptin and PAI-1 but negatively correlated with the HDL-c/TC and adiponectin levels that were measured as part of the lipid profile. In the lipid profiles, the TG and LDL-c levels were positively correlated with the inflammatory markers IL-6 and hs-CRP, respectively. However, the HDL-c level was negatively correlated with the IL-6 level. Furthermore, the level of leptin (an adipocytokine) was positively correlated with insulin resistance (fasting glucose level, fasting insulin level and HOMA-IR), lipid profiles (LDL-c, TG and TC levels), and inflammatory markers (hs-CRP, MCP-1, TNF-α, and PAI-1 levels) but negatively correlated with the adiponectin level. Meanwhile, the level of adiponectin (another adipocytokine) was negatively correlated with insulin resistance (fasting insulin level and HOMA-IR), lipid profiles (LDL-c and TG levels), and inflammatory markers (MCP-1 and PAI-1 levels).

10.1371/journal.pone.0125935.t003

###### The correlations between the clinical data and the metabolic and inflammatory markers.

![](pone.0125935.t003){#pone.0125935.t003g}

  p      ^r^    BMI (%)    Glucose   Insulin         HOMA-IR         HDL-c      LDL-c           TG               TC              HDL-c / TC       hs-CRP           MCP-1           TNF-α           IL6              Leptin          Adiponectin      PAI-1            FBG
  ------------- ---------- --------- --------------- --------------- ---------- --------------- ---------------- --------------- ---------------- ---------------- --------------- --------------- ---------------- --------------- ---------------- ---------------- ---------------
  BMI (%)                  0.212     ***0*.*441***   ***0*.*471***   -0.124     ***0*.*418***   ***0*.*334***    ***0*.*286***   ***-0*.*419***   ***0*.*450***    ***0*.*440***   ***0*.*512***   0.232            ***0*.*683***   ***-0*.*295***   ***0*.*565***    0.184
  Glucose       0.139                0.067           0.248           0.249      0.254           -0.192           0.225           -0.035           0.132            0.164           0.016           -0.134           ***0*.*351***   -0.112           0.180            -0.076
  Insulin       0.001      0.645                     ***0*.*974***   -0.096     ***0*.*293***   ***0*.*429***    0.221           ***-0*.*343***   0.250            0.170           0.159           0.035            ***0*.*529***   ***-0*.*341***   ***0*.*461***    0.197
  HOMA-IR       0.001      0.083     1.03E-32                        -0.018     ***0*.*329***   ***0*.*372***    0.257           ***-0*.*313***   0.257            0.176           0.182           0.025            ***0*.*601***   ***-0*.*372***   ***0*.*501***    0.198
  HDL-c         0.390      0.081     0.507           0.900                      0.141           ***-0*.*421***   ***0*.*456***   ***0*.*626***    -0.156           -0.039          -0.173          ***-0*.*302***   0.211           -0.028           0.092            -0.098
  LDL-c         0.003      0.075     0.039           0.020           0.329                      ***0*.*295***    ***0*.*903***   ***-0*.*621***   ***0*.*334***    0.249           0.056           0.169            ***0*.*477***   ***-0*.*289***   ***0*.*502***    0.140
  TG            0.018      0.181     0.002           0.008           0.002      0.038                            0.198           ***-0*.*602***   0.267            0.203           0.198           ***0*.*465***    ***0*.*332***   ***-0*.*439***   ***0*.*548***    0.273
  TC            0.044      0.117     0.123           0.071           0.001      3.29E-19        0.167                            ***-0*.*330***   0.249            0.152           -0.053          0.084            ***0*.*454***   -0.232           ***0*.*491***    0.087
  HDL-c / TC    0.002      0.812     0.015           0.027           1.19E-06   1.47E-06        3.83E-06         0.019                            ***-0*.*428***   -0.216          -0.174          ***-0*.*415***   -0.214          0.202            ***-0*.*357***   -0.251
  hsCRP         0.002      0.399     0.106           0.097           0.319      0.029           0.083            0.108           0.004                             0.187           ***0*.*408***   ***0*.*687***    ***0*.*350***   -0.144           0.301            ***0*.*347***
  MCP-1         0.001      0.255     0.238           0.222           0.789      0.081           0.158            0.291           0.132            0.231                            0.257           0.166            ***0*.*353***   ***-0*.*318***   0.243            0.131
  TNF-α         1.45E-04   0.912     0.270           0.207           0.230      0.697           0.167            0.712           0.226            0.007            0.072                           ***0*.*326***    ***0*.*385***   -0.179           ***0*.*351***    -0.005
  IL6           0.105      0.353     0.811           0.865           0.033      0.240           0.001            0.563           0.003            3.73E-07         0.248           0.021                            0.124           -0.040           ***0*.*308***    ***0*.*454***
  Leptin        4.64E-08   0.013     7.91E-05        3.94E-06        0.140      4.59E-04        0.018            0.001           0.135            0.021            0.012           0.006           0.392                            ***-0*.*533***   ***0*.*626***    0.121
  Adiponectin   0.038      0.438     0.015           0.008           0.847      0.042           0.001            0.105           0.159            0.356            0.024           0.213           0.785            6.66E-05                         ***-0*.*402***   0.079
  PAI-1         0.000      0.225     0.001           0.000           0.537      0.000           0.000            0.000           0.014            0.059            0.100           0.015           0.035            0.000           0.005                             0.231
  FBG           0.202      0.598     0.171           0.167           0.498      0.332           0.055            0.549           0.079            0.022            0.366           0.970           0.001            0.402           0.586            0.117            

The lower left portion of the table shows the p-values; the upper right area shows the positive or negative correlation coefficients, and p-values \< 0.05 is denoted in bold and italic. Abbreviations: FBG, fasting blood glucose; HDL-c: high density lipoprotein-cholesterol; HOMA-IR, homeostasis model assessment for insulin resistance index; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; LDL-c, low density lipoprotein-cholesterol; MCP-1, monocyte chemoattractant protein-1; PAI-1, plasminogen activator inhibitor-1; TC, total cholesterol; TG, triglycerides; TNF-α, tumor necrosis factor-α.

We then applied a factor analysis using the principal component method with a Varimax rotation to examine whether fasting insulin level was clustered with metabolic risk factors among obese children. The variables included in the factor analysis were BMI percentile, glucose, LDL-c/HDL-c ratio, HDL-c/TC ratio, LDL-c/TC ratio, TC/HDL-c ratio, hs-CRP, TNF-α, and PAI-1 ([Table 4](#pone.0125935.t004){ref-type="table"}). Three-domains were identified that explained 74.08% of the total variance (factor 1: 46.05%; factor 2: 15.38%; factor 3: 12.65%). The first factor was designated the lipid domain, upon which the LDL-c/HDL-c ratio, the LDL-c/TC ratio, and the TC/HDL-c ratio positively loaded and the HDL-c/TC ratio inversely loaded. The second factor was denoted the obesity-inflammatory domain, upon which BMI percentile, hs-CRP, TNF-α, and PAI-1 positively loaded. The third factor was the insulin sensitivity domain, upon which fasting insulin and glucose positively loaded.

10.1371/journal.pone.0125935.t004

###### The results of a principal component factor analysis with a Varimax rotation among obese male children.

![](pone.0125935.t004){#pone.0125935.t004g}

                           Lipid domain   Obesity-inflammatory domain   Insulin sensitivity domain
  ------------------------ -------------- ----------------------------- ----------------------------
  BMI percentiles          0.29           **0.74**                      0.21
  LDL-c / HDL-c ratio      **0.97**       0.19                          0.07
  HDL-c / TC ratio         **-0.95**      -0.21                         -0.04
  LDL-c / TC ratio         **0.87**       0.13                          0.16
  TC/ HDL-c ratio          **0.94**       0.21                          0.03
  CRP                      0.23           **0.58**                      0.14
  TNF-α                    -0.09          **0.83**                      -0.23
  PAI-1                    0.30           **0.62**                      0.27
  Fasting insulin          0.30           0.16                          **0.73**
  Glucose                  -0.11          0.04                          **0.84**
  \% Total variance (%)    46.05          15.38                         12.65
  \% Cumulative variance   46.05          61.43                         74.08

Loadings ≥ 0.5 are in boldface; the abbreviations are described in Tables [1](#pone.0125935.t001){ref-type="table"} and [2](#pone.0125935.t002){ref-type="table"}.

Discussion {#sec016}
==========

Estrogens affect fat cells directly or through estrogen receptors, and promote fat tissue deposition. Evidence suggests that estrogen increases the differences in adipose tissue depots via subcutaneous lipid accumulation in woman and visceral fat deposition in men \[[@pone.0125935.ref032]\]. In our considerations, only male children were studied because we did not want to show the effects that sex hormones have on obesity; additional studies are required to test for sex differences.

Recent studies have shown that hypertension and obesity-related metabolic disorders are increasingly prevalent among overweight and obese children \[[@pone.0125935.ref033]--[@pone.0125935.ref036]\]. In addition, children who gain weight and have neck-related hypertension might be at an increased risk for cardiovascular disease as adults \[[@pone.0125935.ref036]--[@pone.0125935.ref038]\]. In our study, overweight and obese male had higher systolic and diastolic blood pressures than lean controls, which is similar to the results of Saffari et al. \[[@pone.0125935.ref004]\]; however, this difference was not significant. We also found that the ΔBP was significantly higher among obese subjects than overweight subjects. Our findings indicated that the diastolic blood pressure in childhood obesity-related hypertension is notable. The cross-sectional nature of our study and its small sample size are limitations for validating this condition. A further cohort study is needed to explore the role of the diastolic pressure among overweight and obese children.

Some earlier studies have suggested that obesity and being overweight are chronic inflammatory diseases that affect the growth and maturation of children and increase their risk of disease during physical activity. Other studies have shown that exercise training positively influences these conditions \[[@pone.0125935.ref021],[@pone.0125935.ref039]\]. Measurements of proinflammatory cytokines and oxidative stress in obese children revealed many markers that might contribute to endothelial dysfunction such as higher levels of leptin, resistin, and IL-6 as well as lower levels of adiponectin \[[@pone.0125935.ref030],[@pone.0125935.ref040]\]. The visfatin and adiponectin levels in obese children altered the effects of physical activity \[[@pone.0125935.ref041]--[@pone.0125935.ref043]\]. Certain potential screening tools for risk assessment (e.g., serum hs-CRP, fasting insulin, tumor necrosis factor-α, leptin, and adiponectin levels) have been considered for use among children and adolescents \[[@pone.0125935.ref005],[@pone.0125935.ref017]--[@pone.0125935.ref020]\]. However, preliminary evidence indicated that systemic inflammation was not necessarily associated with insulin resistance in obese subjects \[[@pone.0125935.ref008]\]. According to our data, inflammatory cytokine levels such as hs-CRP, TNF-α, leptin, and PAI-1 were significantly higher in the overweight and obese individuals. Furthermore, these participants had lower adiponectin levels than those of the lean subjects. One article noted that a high leptin-to-adiponectin ratio can be used as a noninvasive predictor of nonalcoholic fatty liver disease among obese adolescents \[[@pone.0125935.ref044]\]. According to our observations, significantly higher leptin levels and lower adiponectin levels were found in obese compared with those in overweight subjects; these trends correlated with the inflammatory status. A further study could be designed to validate the role of leptin in the inflammation found in these two groups. The insulin resistance in the overweight/obese children was significantly higher than that in the lean control subjects, similar to the findings of Saffari et al. \[[@pone.0125935.ref004]\]. In the correlation analysis, BMI percentile was positively correlated with insulin resistance (fasting insulin level and HOMA-IR) and inflammatory markers (hs-CRP, MCP-1, TNF-α, PAI-1, and leptin levels) but negatively correlated with the adiponectin level. Moreover, the HOMA-IR score was positively correlated with the leptin and PAI levels but negatively correlated with the adiponectin level. These findings reflected the higher prevalence of metabolic syndrome and inflammation in the overweight/obese children, and a follow-up study would be helpful to measure the levels of adipocytokines and inflammation markers at earlier time points as predictors for the development of overweight.

Overweight and obese adolescents have an increased incidence of high blood lipid levels \[[@pone.0125935.ref045]\]. High levels of LDL-c and TG, combined with low HDL-c levels, have been found in children with central obesity; these changes are dangerous and they have been correlated with cardiovascular disease in the general population \[[@pone.0125935.ref046]--[@pone.0125935.ref049]\]. Compared with the lean subjects, the obese group in our study showed increased TG levels and decreased plasma HDL-cholesterol levels; however, similar differences were not significant in the overweight subjects. The correlation analysis further revealed that insulin resistance was positively correlated with TG and LDL-c levels but negatively correlated with HDL-c and TC levels in obese children. In addition, our investigation showed that obesity adversely affected TG and LDL-c concentrations, which were positively correlated with all inflammatory markers (including hs-CRP and PAI-1). Conversely, HDL-c and TC levels were negatively correlated with each other and frequently related to dyslipidemia in childhood obesity, thereby representing a cardiometabolic risk. However, no obvious patterns were observed with regard to the data provided by the overweight children in this study. Based on our results, we found that low-grade inflammation seemed to occur earlier than dyslipidemia among overweight and obese children. However, a future cohort study should be performed to confirm this tendency.

A factor analysis was used to facilitate our understanding of the metabolic, inflammatory, and lipid variables in metabolic syndrome; however, this analysis was affected by diseases, participant characteristics, and specific variables \[[@pone.0125935.ref026],[@pone.0125935.ref050]--[@pone.0125935.ref052]\]. Previous research evaluated non-diabetic subjects to determine the risk domains of metabolic syndrome or cardiovascular events using factor analysis \[[@pone.0125935.ref026],[@pone.0125935.ref050],[@pone.0125935.ref053]\]. Previous studies also validated the cardiometabolic risk factors present in non-obese adolescents \[[@pone.0125935.ref054],[@pone.0125935.ref055]\]. Of all the variables, we attempted to clarify the contributions of insulin sensitivity, lipids and the inflammation index among obese child. Therefore, we applied this method to identify the factor structures of the metabolic, inflammatory, and lipid variables among obese children. Our results identified three domains with regard to the sample of obese children: lipid, obesity-inflammation, and insulin sensitivity. The lipid domain made a greater contribution than the obesity-inflammation and insulin sensitivity domains among obese participants. The major contribution of this study is that a further dimensionality reduction of these factors could be applied to future predictions and analyses of the diseases in obese child (e.g., high blood pressure, kidney disease, and so on). Previous data had shown that low-grade inflammation and endothelial dysfunction is involved in the pathogenesis of obesity-related hypertension in obese children \[[@pone.0125935.ref056]\]. Serum LDL-c levels, the TC-to-HDL-c ratio and the LDL-c-to-HDL-c ratio are related to coronary artery disease incidence and mortality \[[@pone.0125935.ref057],[@pone.0125935.ref058]\]. The evidence that increased serum PAI-1, interleukin-6 and CRP levels are associated with the development of type 2 diabetes is growing \[[@pone.0125935.ref059],[@pone.0125935.ref060]\]. To our knowledge, these physiological domains have not been examined via a factor analysis of the data provided by obese children.

In conclusion, childhood weight requires special early attention because insulin resistance, inflammation and dyslipidemia increase the risk of cardiovascular disease in adults. Leptin, an adipocytokine that is positively correlated with inflammation, might be a strong predictor of overweight status among children. We also found that lipid, obesity-inflammation, and insulin sensitivity domains predominantly exist in the data of obese children. These domains might be applied to predict the outcomes of cardiovascular diseases in the future.
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